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(57) ABSTRACT

Provided is an organic electronic material which is excellent
in storage stability in the case as an ink composition, and able

to prepare, at a high yield, an organic electronic element
capable of reducing the driving voltage and of being driven
stably for a long period of time, and an ink composition
including the organic electronic material. The organic elec-
tronic material is characterized in that it contains at least an
ionic compound represented by the following general for-
mula (1), and a compound including a charge transporting
unit, and the ink composition including the material. In the
general formula (1), R“ to R each independently represent a
hydrogen atom (H), an alkyl group, or a benzyl group. A
represents an anion.

General Formula (1)
Rll

® €]
H—N—R? A

R

5 Claims, 1 Drawing Sheet
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ORGANIC ELECTRONIC MATERIAL, INK
COMPOSITION, AND ORGANIC
ELECTRONIC ELEMENT

TECHNICAL FIELD

The present invention relates to an organic electronic mate-
rial, an ink composition, an organic electronic element, and
an organic electroluminescent element (hereinafter, also
referred to as an organic EL element).

BACKGROUND ART

Organic electronic elements are elements intended for
electrical operations with the use of organic matters, expected
to be able to provide features such as energy conservation,
low prices, and flexibility, and attracting attention as alterna-
tive techniques to conventional inorganic semiconductors
mainly containing silicon.

Examples of the organic electronic elements include
organic EL elements, organic photoelectric conversion ele-
ments, and organic transistors.

Among the organic electronic elements, the organic ELL
elements are attracting attention, for example, as alternatives
to incandescent lamps and gas-filled lamps, and for use as
large-area solid-state light sources. In addition, the organic
EL elements are also attracting attention as most likely self-
luminous displays in place of liquid crystal displays (LCD) in
the field of flat panel display (FPD), and increasingly put into
production.

In recent years, for the purpose of improving the organic
EL elements in luminescent efficiency and lifetime, attempts
have been made to use a charge transporting compound mixed
with an electron-accepting compound.

For example, Patent Literature 1 discloses a composition
composed of an ionic compound and a charge transporting
compound, as a composition for charge transporting films.

However, these materials fail to sufficiently achieve effects
such as reductions in driving voltage and improvements in
luminescent efficiency and lifetime. Furthermore, the mate-
rials are low in thermal stability, deteriorated by baking in the
preparation of organic EL elements or by driving organic ELL
elements, and the organic EL elements have problems of
decreases in luminescent efficiency and lifetime and varia-
tions in characteristics of the organic EL elements. Moreover,
there has been a problem that decomposition products result-
ing from the electron accepting compound in baking in the
preparation of elements damage organic EL. manufacturing
devices, etc. to decrease the productivity.

On the other hand, the organic EL elements are classified
roughly into two types of: low molecular weight-type organic
EL elements and high molecular weight-type organic EL
elements, according to materials and film forming methods
used. The high molecular weight-type organic EL elements
are essential elements to large-screen organic EL displays in
the future, because organic materials are composed of high
molecular weight materials, and able to be easily formed by
printing, ink-jet printing, etc., as compared with the low
molecular weight-type organic EL elements which require
film formation in a vacuum system.

Both the low molecular weight-type organic EL elements
and high molecular weight-type organic EL. elements have
been energetically researched, but still have the significant
problem of being low in luminescent efficiency and short in
element lifetime. As one means for solving this problem,
multi-layered elements have been attempted for the low
molecular weight-type organic EL elements.
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FIG. 1 shows an example of a multi-layered organic EL,
element. In association with FIG. 1, a layer in charge of light
emission is referred to as a light emitting layer 1, and in the
case ofincluding other layers, a layer in contact with an anode
2 is referred to as a hole injecting layer 3, and a layer in
contact with a cathode 4 is referred to as an electron injecting
layer 5. Furthermore, when there is a distinct layer between
the light emitting layer 1 and the hole injecting layer 3, the
distinct layer is referred to as a hole transporting layer 6, and
furthermore, when there is a distinct layer between the light
emitting layer 1 and the electron injecting layer 5, the distinct
layer is referred to as an electron transporting layer 7. It is to
be noted that reference numeral 8 denotes a substrate in FIG.
1.

For the low molecular weight-type organic EL elements,
films are formed by a vapor deposition method, and multi-
layered elements can be thus easily achieved by carrying out
vapor deposition while sequentially changing compounds
used. On the other hand, for the high molecular weight-type
organic EL elements, films are formed with the use of a wet
process such as printing or ink-jet printing, and a problem is
thus caused which is that the lower layer is dissolved when the
upper layer is applied. Therefore, it is difficult to achieve
multi-layered high molecular weight-type organic EL ele-
ments, as compared with the low molecular weight-type
organic EL elements, and it has not been possible to achieve
the effect of improving the luminescent efficiency or improv-
ing the lifetime.

In order to address this problem, several methods have
been ever proposed. One of the methods is a method of using
adifference in solubility. For example, there is an element that
has a two-layer structure of: a hole-injecting layer of water-
soluble polythiophene:poly(styrene sulfonate) (PEDOT:
PSS); and a light emitting layer formed with the use of an
aromatic organic solvent such as toluene. In this case, the
PEDOT:PSS layer is not dissolved in the aromatic solvent
such as toluene, and it is thus possible to prepare the two-layer
structure.

Patent Literature 2 discloses an element of three-layer
structure, which has a layer referred to as an interlayer layer
introduced on PEDOT:PSS.

These methods for multi-layers are important, but prob-
lematic in that the use of water-soluble PEDOT:PSS requires
baking for a long period of time because of the need to remove
water remaining in thin films, and that evaporated water dam-
ages manufacturing devices. In addition, there have been
manufacturing problems such as the need for heating at high
temperature for insolubilization of hole transporting layers,
thus decreases in lifetime and luminescent efficiency of the
organic EL. elements due to material deterioration by the
heating, and a step of rinsing dissolved matters for inadequate
changes in solubility.

CITATION LIST
Patent Literature

Patent Literature 1: JP 2006-233162 A
Patent Literature 2: JP 2007-520858 A

SUMMARY OF INVENTION
Technical Problem
In view of the problems mentioned above, an object of the

present invention is to provide an organic electronic material
which is high in thermal stability, excellent in storage stability
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in the case as an ink composition, and able to prepare, at ahigh
yield, an organic electronic element capable of reducing the
driving voltage and of being driven stably for a long period of
time, and an ink composition including the organic electronic
material.

Furthermore, another object of the present invention is to
provide an organic electronic element and an organic EL
element which include a layer with charge transporting per-
formance better than ever before.

Solution to Problem

The inventors have, as aresult of earnest studies, found that
a material according to the present invention, which is
obtained by combining an ionic compound that has a specific
structure with a compound including a charge transporting
unit, can solve some of the problems mentioned above,
thereby completing the present invention

More specifically, the present invention is characterized by
the following aspects <1>to <11>.

<1> An organic electronic material comprising at least an
ionic compound represented by the following general for-
mula (1), and a compound including a charge transporting
unit (hereinafter, referred to as a charge transporting com-
pound).

[Chemical Formula 1]

General Formula (1)
Rll

® <]
H—N—R’ A

[In the general formula (1), R“ to R each independently
represent a hydrogen atom (H), an alkyl group, or a benzyl
group, and N is not bonded to an aryl group. A represents an
anion. |

<2> The organic electronic material according to <1>,
wherein the anion is represented by the following formulas
(1b) to (5b).

[Chemical Formula 2]

(1b)

(2b)

(3b)

(4b)

RIO_E4_R8
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-continued
(5b)

[In the general formulas (1b) to (5b), Y* to Y° each indepen-
dently represent a divalent linking group, and R* to R*¢ each
independently represent an electron attractive organic sub-
stituent (these structures may further have substituents and
hetero atoms therein, and R? and R?, R* to RS, R” to R*°, or
R to R'® may be each linked to form aring or a polymer). E',
E?, E?, E*, and E° respectively represent an oxygen atom, a
nitrogen atom, a carbon atom, a boron atom or a gallium atom,
and a phosphorus atom or an antimony atom. |

<3>The organic electronic material according to <1>or <2>,
wherein the charge transporting unit is an aromatic amine, a
carbazole, or a thiophene.

<4> The organic electronic material according to any of <1>
to <3>, wherein the charge transporting compound is a poly-
mer or an oligomer.

<5> The organic electronic material according to any of <1>
to <4>, wherein the charge transporting compound includes
one or more polymerizable substituents.

<6> The organic electronic material according to <5>,
wherein the polymerizable substituents are any of an oxetane
group, an epoxy group, and a vinyl ether group.

<7> An ink composition comprising the organic electronic
material according to any of <1> to <6> and a solvent.

<8> An organic electronic element including a layer formed
by an application method with the use of the organic elec-
tronic material according to any one of <1>to <6> or the ink
composition according to <7>.

<9> The organic electronic element according to <8>,
wherein the layer formed by the application method is poly-
merized for insolubilization.

<10> The organic electronic element according to <9>,
wherein another layer is further formed on the insolubilized
layer to provide a multi-layer.

<11> The organic electronic element according to any of <8>
to <10>, wherein the substrate is a resin film.

Advantageous Effects of Invention

The present invention can provide an organic electronic
material which is high in thermal stability, excellent in stor-
age stability in the case as an ink composition, and able to
prepare, at a high yield, an organic electronic element capable
of reducing the driving voltage and of being driven stably for
a long period of time, and an ink composition including the
organic electronic material.

Further, the present invention can provide an organic elec-
tronic element and an organic EL element which include a
layer with charge transporting performance better than ever
before.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram illustrating an example of a
multi-layered organic EL element.
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DESCRIPTION OF EMBODIMENTS

<Organic Electronic Material>

An organic electronic material according to the present
invention is characterized in that it contains at least an ionic
compound represented by the following general formula (1),
and a compound including a charge transporting unit (here-
inafter, referred to as a charge transporting compound).

[Chemical Formula 3]
General Formula (1)
Rll

lo

H—N— ©

RC A

R

[In the general formula (1), R® to R each independently
represent a hydrogen atom (H), an alkyl group, or a benzyl
group, and N is not bonded to an aryl group. A represents an
anion. |

In the present invention, the ionic compound represented
by the general formula (1) is characterized in that at least one
of'the four substituents N is a hydrogen atom, and none of the
substituents is linked to an aryl group. More specifically, N in
the general formula (1) is linked to a hydrogen atom (H), an
alkyl group, or a benzyl group, but not linked to an aryl group,
and such a composition improves stability against heat and
light, and thus improves the stability of an ink composition
which contains the compound including the charge transport-
ing unit and a solvent. Moreover, the ionic compound can be
used as a polymerization initiator, and a stacked element
obtained through the use of an application method can be
prepared by the combination with a compound including a
polymerizable substituent. In addition, a film formed with the
use of an ink composition including the ionic compound is
high in charge transporting capacity, and useful in organic
electronic applications.

In the general formula (1), R* to R° may be the same, or
different. R“ to R“ may be linked to form a ring.

The alkyl group in the general formula (1) may be straight,
branched, or cyclic, may have substituents, and typically has
approximately 1 to 20 carbon atoms, and specific examples of
the alkyl group include a methyl group, an ethyl group, a
propyl group, an i-propyl group, a butyl group, an i-butyl
group, a t-butyl group, a pentyl group, a hexyl group, a cyclo-
hexyl group, a heptyl group, an octyl group, a 2-ethylhexyl
group, a nonyl group, a decyl group, an undecyl group, a
dodecyl group, a tridecyl group, an isotridecyl group, a tet-
radecyl group, a pentadecyl group, a hexadecyl group, an
isohexadecyl group, a heptadecyl group, an octadecyl group,
a nonadecyl group, an icosyl group, a 3,7-dimethyloctyl
group, a lauryl group, a trifluoromethyl group, a pentafluoro-
ethyl group, a perfluorobutyl group, a perfluorohexyl group,
and a perfluorooctyl group.

In order to increase the solubility as an ink composition in
asolvent, atleast one of R“to R“is desirably an alkyl group or
abenzyl group, at least two of R to R® are more desirably an
alkyl group or a benzyl group, and all of R“ to R“ are desirably
an alkyl group or a benzyl group.

In order to improve the thermal stability, all of R to R“ are
preferably an alkyl group. In order to improve curability at
low temperatures as an initiator, at least one of R“ to R is
desirably a benzyl group.

In the case of dissolving the compound in an alkane or an
aromatic solvent, the total number of carbon atoms of R* to R®
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is preferably 6 or more, further preferably 9 or more, and most
preferably 12 or more, from the perspective of improving the
solubility.

In the general formula (1), while A is not particularly
limited as long as it is a conventionally known anion, anions
represented by the following general formulas (1b) to (5b) are
preferred in manufacturing organic electronic elements, in
particular, organic EL. elements which are able to be reduced
in driving voltage and stably driven for a long period of time.

[Chemical Formula 4]

(1b)
[EI_YI_RI]-
) (2b)
YZ_RZ

Y3 —_ R3
(3b)
/Y4 —R*
E3 — YS_ RS
YG —_ RG
(4b)
R7

RIO_E4_R8

(3b)

[In the general formulas (1b) to (5b), Y* to Y® each indepen-
dently represent a divalent linking group, and R* to R*¢ each
independently represent an electron attractive organic sub-
stituent (these structures may further have substituents and
hetero atoms therein, and R? and R?, R* to R%, R” to R*°, or
R to R'® may be each linked to form aring or a polymer). E*,
E? E?, E*, and E° respectively represent an oxygen atom, a
nitrogen atom, a carbon atom, a boron atom or a gallium atom,
and a phosphorus atom or an antimony atom. |

Examples of the electron attractive organic substituents
(R! to R*S in the formulas) include: halogen atoms such as a
fluorine atom, a chlorine atom, and a bromine atom; alkylsul-
fonyl groups such as a cyano group, a thiocyano group, anitro
group, and a mesyl group; arylsulfonyl groups such as a tosyl
group; acyl groups typically having 1 to 12, preferably to 6
carbon atoms, such as a formyl group, an acetyl group, and a
benzoyl group; alkoxycarbonyl groups typically having 2 to
10, preferably to 7 carbon atoms, such as a methoxycarbonyl
group and an ethoxycarbonyl group; aryloxycarbonyl groups
including an aromatic hydrocarbon group or an aromatic
heterocyclic group typically having 3, preferably 4, to 25,
preferably to 15 carbon atoms, such as a phenoxycarbonyl
group and a pyridyloxycarbonyl group; acyloxy groups typi-
cally having 2 to 20 carbon atoms, such as an acetoxy group;
haloalkyl, haloalkenyl, and haloalkynyl groups obtained by
substituting, with a halogen atom such as a fluorine atom and
a chlorine atom, straight, branched, or cyclic alkyl, alkenyl,
and alkynyl groups typically having 1 to 10, preferably to 6
carbon atoms, such as an alkyloxysulfonyl group, an arylox-
ysulfonyl group, a trifluoromethyl group, and a pentatluoro-
ethyl group; and haloaryl groups typically having 6 to 20
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carbon atoms, such as a pentafluorophenyl group. Among
these groups, from the perspective of being able to efficiently
delocalize negative charges, more preferred are groups
obtained by substituting, with halogen atoms such as fluorine,
some or all of hydrogen atoms of the groups having hydrogen
atoms among the organic groups mentioned above, for
example, but not limited to, straight, branched, or cyclic per-
fluoroalkyl groups, perfluoroalkylsulfonyl groups, perfluoro-
aryl groups, perfluoroalkyloxysulfonyl groups, perfluoroar-
ylsulfonyl  groups, perfluoroaryloxysulfonyl groups,
perfluoroacyl groups, perfluoroalkoxycarbonyl groups, per-
fluoroacyloxy groups, perfluoroaryloxycarbonyl groups, per-
fluoroalkenyl groups, and perfluoroalkynyl groups having 1
to 20 carbon atoms, which may include hetero atoms, as
represented by the following group of structural formulas (1).
Further, among these groups, preferred are straight and
branched perfluoroalkyl groups having 1 to 8 carbon atoms,
cyclic perfluoroalkyl groups having 3 to 6 carbon atoms, and
perfluoroaryl groups having 6 to 18 carbon atoms.

Group of Structural Formulas (1)

[Chemical Formula 5]

CF3—— CF3CF;——  CF3CF,CF—— CF;CFCF,CF——
CF;CF,CF,CF>CF,——  CF3CF,CF,CF,CF,CF—
CF3CF,CF5CF,CF,CF2CFy——  CF3CF2CF>CFCF>CFCF2CFy——

e I
Ji%?%i
O

' C B Fsc@
F
¢ — F;Co

je

™y

FsC

©

F;CO

OF

F3C F3CO
F;C F;CO
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-continued
F;CO F F
Ey
C— F
F,CO F F
F F F F F F
Ey
F CcC— F
F F F F F F
F F F F F
153 N
F C—
F
F F F F
F FEF F F FF F
F
F s
@] N— O N—C —
A C/
153
F
F Fg F F FfF F

In addition, Y* to Y® in the general formulas represent a
divalent linking group, specifically, which is preferably any
one of the following formulas (1¢) to (11c¢).

[Chemical Formula 6]

(le)

2¢)

B¢

(4c)

(5¢)
(6¢)

(7¢)

(8c)
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-continued
(%)

(100)

(110)

(In the formulas, R represents any organic group (these struc-
tures may further have substituents and hetero atoms
therein).)

R in the general formulas (7c) to (11c) preferably repre-
sents, independently of each other, an alkyl group, an alkenyl
group, an alkynyl group, an aromatic hydrocarbon group, or
an aromatic heterocyclic group which may be substituted,
from the perspective of improvement in electron acceptability
and solubility in solvents, and more preferably an organic
group having an electron attractive substituent among the
previously mentioned substituents, and examples of the
organic group include groups in the group of structural for-
mulas (1).

In addition, the anion in the present invention preferably
has a negative charge, but not particularly limited to, mainly
on an oxygen atom, a nitrogen atom, a carbon atom, a boron
atom, or a gallium atom, more preferably on an oxygen atom,
a nitrogen atom, a carbon atom, or a boron atom, and most
preferably represented by the following formula (12¢), (13¢),
(14c¢), or (15c¢).

[Chemical Formula 7]

(12¢)
Rr

(130)

(14c)

Rpg
(15¢)

O—Rpyo

(Inthe formulas, R, to R, each independently represent an
electron attractive organic substituent (these structures may
further have substituents and hetero atoms therein, and R, to
R, may be each linked to form a ring or a polymer), and
examples of the organic substituent include, but not limited
to, the groups represented by the group of structural formulas
(1), for example.)
[Charge Transporting Compound]

The “charge transporting compound” in the present inven-
tion will be described in detail. In the present invention, the
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10

charge transporting compound refers to a compound includ-
ing a charge transporting unit. In the present invention, the
“charge transporting unit” refers to an atom group that has the
ability to transport holes or electrons, and will be described
below in detail.

The charge transporting unit only has to have the ability to
transport holes or electrons, and is preferably, but not particu-
larly limited to, an amine, a carbazole, or a thiophene having
an aromatic ring. Specific examples thereof include those
described in WO 2011/132702 A. Among these examples, in
particular, the following amine structures (1) to (14) are pre-
ferred. While the meanings of E, Ar, and X in the following
amine structures (1) to (14) are described in detail in the
publication mentioned above, here are brief descriptions
thereof.

E each independently represents —R', —OR?, —SR?,
—OCOR?*, —COOR?, or —SiRR’R® (provided that R* to
R® represent a hydrogen atom, a straight, cyclic, or branched
alkyl group having 1 to 22 carbon atoms, or an aryl group or
a heteroaryl group having 2 to 30 carbon atoms), and Ar each
independently represents an arylene group or a heteroarylene
group having 2 to 30 carbon atoms. The arylene group and
heteroaryl group may have substituents. X and Z each inde-
pendently a divalent linking group, which is preferably, but
not limited to, a group obtained by further removing one
hydrogen atom from the group having one or more hydrogen
atoms among the previously mentioned groups R. x repre-
sents an integer of 0 to 2. Y represents a trivalent linking
group, which represents a group obtained by removing two
hydrogen atoms from the group having two or more hydrogen
atoms among the previously mentioned R.

[Chemical Formula 8]

M

@

&)

@)

®)
E—Ar—N—Ar—N—Ar—Ar—E

Ar Ar

E E
©
E—Ar—N—Ar—Ar—N—Ar—Ar—E

Ar Ar

E E
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-continued

M
E—Ar—N—Ar—X—Ar—N—Ar—E

®

E—Ar—N—Ar—E
(10)
E—Ar—N—Ar—E

E—Ar—N—Ar—E

an
E—Ar—N—Ar—Ar—E

E—Ar—N—Ar—E
12
E—Ar—N—Ar—E

E—Ar—N—Ar—E
13
E—Ar—N—Ar—Ar—E

E—Ar—N—Ar—E
(14)
E—Ar—N—Ar—Ar—E

E—Ar—N—Ar—-E

In addition, the charge transporting compound in the
present invention is not particularly limited, which may be
commercially available compounds, or synthesized by meth-
ods known to one skilled in the art.

In addition, the charge transporting compound in the
present invention may be a low molecular weight compound,
or may be a high molecular weight compound such as a
polymer or an oligomer. The high molecular weight com-
pound such as a polymer or an oligomer is preferred from the
perspective of solubility in organic solvents, whereas the low
molecular weight compound is preferred from the perspective
of easy purification by sublimation or recrystallization.

When the charge transporting compound in the present
invention is a polymer or an oligomer, a polymer or an oligo-
mer that has a structure branched in three or more directions
is preferred from the perspective of lowering the temperature
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for progressing an adequate polymerization reaction. In addi-
tion, this branched structure can increase the glass transition
temperature of the polymer or oligomer, and thus also makes
a contribution to an improvement in the heat resistance of the
polymer or oligomer.

This branched structure means that when a chain with the
highest degree of polymerization is regarded as a main chain
among various chains in a molecule of the polymer or oligo-
mer, a side chain with the same degree of polymerization or a
lower degree of polymerization is linked to the main chain.
The degree of polymerization in the present invention refers
to the number of monomer units for use in synthesizing the
polymer or oligomer, which are contained per molecule of the
polymer or oligomer. The side chain in the present invention
refers to a chain including at least one or more polymerization
units, which is different from the main chain of the polymer or
oligomer, and the other chains are regarded as not side chains
but substituents.

The method for forming the branched structure is not par-
ticularly limited, but the polymer or oligomer may be formed
with the use of a monomer that has three or more polymeriz-
able sites in a molecule, or formed by forming linear poly-
mers or oligomers, followed by the polymerization of the
polymers or oligomers with each other.

Specifically, any one of structures of the following general
formulas (1) to (10) is preferably included as an origin unit for
forming the branched structure in the polymer or oligomer.

[Chemical Formula 9]

M

@

&)

— Ar—N—Ar—N—Ar

Ar Ar

@)

— Ar—N—Ar—Y—Ar—N—Ar—

TN

®)

©)
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-continued

L)
O

T
_Ar_lz_Ar_
I

(10)

(In the formulas, Ar each independently represents a divalent
linking group, and represents an arylene group or a het-
eroarylene group having 2 to 30 carbon atoms. The arylene
group is an atom group of an aromatic hydrocarbon with two
hydrogen atoms removed therefrom, which may have sub-
stituents, and examples thereof include, for example, phe-
nylene, biphenyl-diyl, terphenyl-diyl, naphthalene-diyl,
anthracene-diyl, tetracene-diyl, fluorene-diyl, and phenan-
threne-diyl. The heteroarylene group is an atom group of an
aromatic compound having a hetero atom with two hydrogen
atoms removed therefrom, which may have substituents, and
examples thereof include, for example, pyridine-diyl, pyra-
zine-diyl, quinoline-diyl, isoquinoline-diyl, acridine-diyl,
phenanthroline-diyl, furan-diyl, pyrrole-diyl, thiophene-diyl,
oxazole-diyl, oxadiazole-diyl, thiadiazole-diyl, triazole-diyl,
benzoxazole-diyl, benzoxadiazole-diyl, benzothiadiazole-
diyl, benzotriazole-diyl, and benzothiophene-diyl. W repre-
sents a trivalent linking group, which is an atom group of the
arylene group or heteroarylene group with one hydrogen
atom further removed therefrom, which may have substitu-
ents. Y each independently represents a divalent linking
group. Z represents any of a carbon atom, a silicon atom, and
a phosphorus atom.)

Y in the general formulas (4) and (7) is preferably a diva-
lent linking group represented by the following formulas.
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[Chemical Formula 10]
e} R R
Il | |
-0 —s— —S$— —N— —B—
|
e}
R e}
| | | |
—Sil— _l_ —C— —C—0—
R R
e} e}
I I I
—O0—C—— —Il\T—C— —C— | —_—
R R

(In the formula, R each independently represents a hydrogen
atom, a straight, cyclic, or branched alkyl group having 1 to
22 carbon atoms, or an aryl group or a heteroaryl group
having 2 to 30 carbon atoms. In this case, the aryl group is an
atom group of an aromatic hydrocarbon with one hydrogen
atom removed therefrom, which may have substituents,
whereas the heteroaryl group is an atom group of an aromatic
compound having a hetero atom with one hydrogen atom
removed therefrom, which may have substituents.)

Furthermore, the charge transporting compound in the
present invention preferably has one or more “polymerizable
substituents”, in order to change the solubility to prepare a
stacked structure of organic thin films. The “polymerizable
substituents™ herein refers to substituents which are able to
form bonds between two or more molecules by developing a
polymerization reaction, and will be described below in
detail.

Examples of the polymerizable substituents include
groups having a carbon-carbon multiple bond (examples
thereof can include, for example, a vinyl group, an acetylene
group, a butenyl group, an acrylic group, an acrylate group, an
acrylamide group, a methacrylic group, a methacrylate
group, a methacrylamide group, an arene group, an allyl
group, a vinyl ether group, a vinyl amino group, a furyl group,
a pyrrole group, a thiophene group, and a silole group),
groups having a small ring (for example, a cyclopropyl group,
a cyclobutyl group, an epoxy group, an oxetane group, a
diketene group, an episulfide group), and groups containing a
lactone group, a lactam group, or a siloxane derivative. Fur-
ther, in addition to the groups mentioned above, groups which
are able to form an ester linkage or an amide linkage can be
also used in combination. The combinations include, for
example, combinations such as an ester group and an amino
group, and an ester group and a hydroxyl group. As the
polymerizable substituents, in particular, an oxetane group,
an epoxy group, a vinyl group, a vinylether group, an acrylate
group, and a methacrylate group are preferred from the per-
spective of reactivity, and an oxetane group is most preferred.
From the perspective of increasing the degree of freedom of
the polymerizable substituents to make a curing reaction
likely to be developed, the main chain of the polymer or
oligomer and the polymerizable substituents are more pref-
erably linked through an alkyl chain having 1 to 8 carbon
atoms.

In addition, the polymer or oligomer in the present inven-
tion may be copolymers having, as copolymerization repeat-
ing units, structures represented by the following group of
structural formulas (X) as the arylene group or heteroarylene
group, in addition to repeating units represented by the gen-
eral formulas (1a) to (84a) described in WO 2011/132702 A
mentioned previously, in order to adjust the solubility, heat
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resistance, or electrical properties. In this case, the copolymer -continued
may be a random, block, or graft copolymer, or may be a
polymer which has an intermediate structure between the
copolymers, for example, a block-like random copolymer. In
addition, the polymer or oligomer for use in the present inven- >
tion may be branched in the main chain, with three or more
terminals. It is to be noted that R in the group of structural
formulas (X) each independently represents a hydrogen
atom, a straight, cyclic, or branched alkyl group having 1 to

R
R R

22 carbon atoms, or an aryl group or a heteroaryl group 10
having 2 to 30 carbon atoms.
[Group of Structural Formulas (X)]
15
[Chemical Formula 11]
R
R R R R
R R
20
R R
K R R
R R R R 25
R R R R 30
R R R R
(6]
35
R R R R
R R R R
40
H
C
R R R R 45
R R R R R R

R R R R R R
R R R R 55
O O "’
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-continued
R R

RR R R RR
R R
R R
RR R R RR

R R

In addition, when the charge transporting compound is a
polymer or an oligomer, the number average molecular
weight is preferably 1,000 or more and 1,000,000 or less from
the perspective of solubility in solvents and film formation
property. The number average molecular weight is more pref-
erably 2,000 or more and 900,000 or less, further preferably
3,000 or more and 800,000 or less. The number average
molecular weight less than 1,000 makes the compound likely
to be crystallized, thereby resulting in deterioration of film
formation property. In addition, the molecular weight more
than 1,000,000 decreases the solubility in solvents, thereby
making it difficult to prepare an applied solution or an applied
ink.

In addition, the organic electronic material according to the
present invention preferably includes a polymerization initia-
tor, in order to utilize the difference in solubility caused by a
polymerization reaction.

The polymerization initiator is not particularly limited as
long as the initiator shows the ability to polymerize the poly-
merizable substituents by applying heat, light, microwaves,
radiation, electron beams, or the like but preferably a poly-
merization initiator which initiates polymerization by light
irradiation and/or heating.

In addition, the ionic compound according to the present
invention can be used alone as a polymerization initiator.

In order to form various types of layers for use in organic
electronic elements and the like with the use of the organic
electronic material according to the present invention, for
example, a solution (ink composition) containing the organic
electronic material according to the present invention can be
applied onto a desired base body by a known method such as,
for example, an ink-jet method, a casting method, a dipping
method, printing methods, e.g., relief printing, intaglio print-
ing, offset printing, planographic printing, relief reverse oft-
set printing, screen printing, and gravure printing, a spin
coating method, and then subjected to light irradiation, heat
treatment, or the like to progress a polymerization reaction of
the polymer or oligomer, and change the solubility of the
applied layer (curing). The repetition of such work makes it
possible to increase the number of layers for high-molecular
type organic electronic elements and organic EL elements.

The application method as described above can be typi-
cally implemented in the temperature range of —20 to +300°
C., preferably 10 to 100° C., particularly preferably 15 to 50°
C., and examples of the solvent for use in the solution
described above include, but not particularly limited to, for
example, solvents for use in the preparation of an ink com-
position as will be described later.

In addition, for the light irradiation mentioned above, light
sources can be used such as low-pressure mercury vapor
lamps, medium-pressure mercury vapor lamps, high-pressure
mercury vapor lamps, ultrahigh-pressure mercury vapor
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lamps, metal halide lamps, xenon lamps, fluorescent lights,
light emitting diodes, and sunlight.

In addition, the heat treatment can be carried out on a hot
plate or in an oven, and carried out in the temperature range of
0 to +300° C., preferably 50 to 250° C., particularly prefer-
ably 80 to 200° C.
<Ink Composition>

An ink composition according to the present invention is
characterized in that it contains the already described organic
electronic material according to the present invention, and a
solvent, and may contain other additives, for example, a poly-
merization inhibitor, a stabilizer, a thickener, a gelator, a
flame retardant, an antioxidant, an antireductant, an oxidant,
areductant, a surface modifier, an emulsifier, an antifoamer, a
dispersant, and a surfactant. Examples of the solvent include:
water; alcohols such as methanol, ethanol, and isopropyl
alcohol; alkanes such as pentane, hexane, and octane; cyclic
alkanes such as cyclohexane; aromatic solvents such as ben-
zene, toluene, xylene, mesitylene, tetralin, and diphenyl-
methane; aliphatic ethers such as ethylene glycol dimethyl
ether, ethylene glycol diethyl ether, and propylene glycol-1-
monomethyl ether acetate; aromatic ethers such as 1,2-
dimethoxybenzene, 1,3-dimethoxybenzene, anisole, phene-
tole, 2-methoxytoluene, 3-methoxytoluene,
4-methoxytoluene, 2,3-dimethylanisole, and 2.4-dimethy-
lanisole; aliphatic esters such as ethyl acetate, n-butyl acetate,
ethyl lactate, and n-butyl lactate; aromatic esters such as
phenyl acetate, phenyl propionate, methyl benzoate, ethyl
benzoate, propyl benzoate, and n-butyl benzoate; amide sol-
vents such as N,N-dimethylformamide and N,N-dimethylac-
etoamide; and other solvents such as dimethyl sulfoxide,
tetrahydrofuran, acetone, chloroform, and methylene chlo-
ride, and preferably, aromatic solvents, aliphatic esters, aro-
matic esters, aliphatic ethers, and aromatic ethers can be used.

In the ink composition according to the present invention,
the content of the organic electronic material with respect to
the solvent is preferably 0.1 to 30 mass % from the perspec-
tive of being applicable to various application processes.
<Organic Electronic Element, Organic Electroluminescent
Element>

An organic electronic element according to the present
invention includes a layer formed by an application method
with the use of the organic electronic material or ink compo-
sition mentioned above, and further an insolubilized layer
obtained by polymerizing the formed layer.

Likewise, an organic electroluminescent element (organic
EL element) according to the present invention includes a
layer formed with the use ofthe organic electronic material or
ink composition mentioned above, and further an insolubi-
lized layer obtained by polymerizing the formed layer.

The elements each include the excellent layer formed with
the use of the organic electronic material according to the
present invention, and has a lower driving voltage and a
longer emission lifetime than ever before.

An EL element according to the present invention will be
described below in detail.

[Organic ELL Element]

The organic EL element according to the present invention
is not particularly limited as long as the element includes a
light emitting layer, a polymerized layer, an anode, a cathode,
and a substrate, but may have other layers such as a hole
injecting layer, an electron injecting layer, a hole transporting
layer, and an electron transporting layer. Further, the hole
injecting layer, hole transporting layer, or light emitting layer
is preferably a layer formed with the use of the organic elec-
tronic material or ink composition according to the present
invention.
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The respective layers will be described below in detail.
(Light Emitting Layer)

The material for use in the light emitting layer may be a low
molecular weight compound or may be a polymer or an
oligomer, and it is also possible to use dendrimers and the
like. Low molecular weight compounds which use fluores-
cence emissions include perylene, coumarin, rubrene, quina-
cridone, dyes for dye laser (for example, rhodamine, DCM1,
etc.), aluminum complexes (for example, Tris(8-hydrox-
yquinolinato)aluminum (III) (Algs)), stilbene, and deriva-
tives thereof. Polyfluorene, polyphenylene, polyphenylenevi-
nylene (PPV), polyvinylcarbazole (PVK), a fluorene-
benzothiadiazole copolymer, a fluorene-triphenylamine
copolymer, and derivatives and mixtures thereof can be used
in a preferred manner as polymers or oligomers which use
fluorescence emissions.

On the other hand, in recent years, phosphorescent organic
EL elements have been also actively developed in order to
achieve higher-efficiency organic EL elements. Phosphores-
cent organic EL. elements are able to use not only energy in
singlet states, but also energy in triplet states, and increase the
internal quantum yields up to 100% in principle. In the case of
phosphorescent organic EL elements, a host material is doped
with a phosphorescent material of metal complex including a
heavy metal such as platinum or iridium as a dopant that
produces phosphorescence to extract phosphorescent emis-
sions (see M. A. Baldo et al., Nature, vol. 395, p. 151 (1998),
M. A. Baldo et al., Applied Physics Letters, vol. 75, p. 4
(1999), M. A. Baldo et al., Nature, vol. 403, p. 750 (2000)).

Also in the case of the organic EL element according to the
present invention, it is preferable to use a phosphorescent
material for the light emitting layer, from the perspective of
higher efficiency. As the phosphorescent material, metal com-
plexes and the like including a central metal such as Ir or Pt
can be used in a preferred manner. Specifically, Ir complexes
include, for example, Flr(pic)[iridium (III) bis[(4,6-difluo-
rophenyl)-pyridinato-N,C>|picolinate] which emits blue
light, Ir(ppy);[fac tris(2-phenylpyridine)iridium] (see M. A.
Baldo et al., Nature, vol. 403, p. 750 (2000) mentioned pre-
viously) which emits green light, or (btp),Ir(acac){bis[2-(2'-
benzo[4,5-a]thienyl)pyridinato-N,C3 Jiridium(acetyl-aceto-
nate) } and Ir(piq);[tris(1-phenylisoquinoline)iridium] which
emitred light, as mentioned in Adachi etal., Appl. Phys. Lett.,
78 No. 11, 2001, 1622.

Pt complexes include, for example, 2,3,7,8,12,13,17,18-
octaethyl-21H,23H-porphyrinplatinum (PtOEP) which emits
red light.

Low molecular or dendrite types, for example, iridium
cored dendrimers can be used for the phosphorescent mate-
rial. Furthermore, derivatives of these materials can be also
used in a preferred manner.

In addition, when a phosphorescent material is included in
the light emitting layer, the layer preferably includes a host
material in addition to the phosphorescent material.

The host material may be a low molecular weight com-
pound or a high molecular weight compound, and dendrimers
and the like can be also used as the host material.

For example, CBP (4,4'-Bis(Carbazol-9-yl)-biphenyl),
mCP (1,3-bis(9-carbazolyl)benzene), and CDBP (4,4'-Bis
(Carbazol-9-y1)-2,2'-dimethylbiphenyl) can be used as the
low molecular weight compound, whereas, for example,
polyvinylcarbazole, polyphenylene, and polyfluorene can be
used as the high molecular weight compound, and derivatives
thereof can be also used.

The light emitting layer may be formed by a vapor depo-
sition method, or may be formed by an application method.
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In the case of the formation by an application method, the
organic EL. element can be inexpensively manufactured,
which is more preferred. In order to form the light emitting
layer by an application method, a solution containing the
phosphorescent material, and if necessary, a host material can
be applied onto a desired base body by a known method such
as, for example, an ink-jet method, a casting method, a dip-
ping method, printing methods, e.g., relief printing, intaglio
printing, offset printing, planographic printing, relief reverse
offset printing, screen printing, and gravure printing, a spin
coating method.

(Cathode)

The cathode material is preferably, for example, a metal or
a metal alloy such as Li, Ca, Mg, Al, In, Cs, Ba, Mg/Ag, LiF,
or CsF.

(Anode)

Metals (for example, Au) or other materials with metallic
conductivity, for example, oxides (for example, [TO:indium
oxide/tin oxide) and conductive polymers (for example, a
mixture of polythiophene-polystyrene sulfonate (PEDOT:
PSS)), also can be used as the anode.

(Electron Transporting Layer, Electron Injecting Layer)

Examples of the electron transporting layer and electron
injecting layer include, for example, phenanthroline deriva-
tives (for example, 2,9-dimethyl-4,7-diphenyl-1,10-phenan-
throline (BCP)), bipyridine derivatives, nitro-substituted
fluorene derivatives, diphenylquinone derivatives, thiopyran-
dioxide derivatives, heterocyclic tetracarboxylic anhydrides
such as naphthaleneperylene, carbodiimide, fluorenylidene
methane derivatives, anthraquinonedimethane and anthrone
derivatives, oxadiazole derivatives (2-(4-Biphenylyl)-5-(4-
tert-butylphenyl-1,3,4-oxadiazole) (PBD)), and aluminum
complexes (for example, Tris(8-hydroxyquinolinato)alumi-
num (III) (Alq,)). Furthermore, in association with the oxa-
diazole derivatives mentioned above, thiadiazole derivatives
with a sulfur atom substituted for an oxygen atom of an
oxadiazole ring and quinoxaline derivatives having a qui-
noxaline ring known as an electron attractive group can be
also used.

(Substrate)

The substrate which can be used for the organic EL. element
according to the present invention is not particularly limited
on the type such as glass or plastic, or not particularly limited
as long as the substrate is transparent, but glass, quartz, light
transmissive resin films, etc. are used preferably. In the case
of using a resin film (flexible substrate), it is possible to
provide the organic EL. element with flexibility, which is
particularly preferred.

Examples of the resin film include films composed of, for
example, polyethylene terephthalate (PET), polyethylene
naphthalate (PEN), polyethersulfone (PES), polyetherimide,
polyether ether ketone, polyphenylenesulfide, polyarylate,
polyimide, polycarbonate (PC), cellulose triacetate (TAC), or
cellulose acetate propionate (CAP).

In addition, in the case of using the resin film, in order to
suppress permeation of water vapor, oxygen, etc., the resin
film may be coated with an inorganic substance such as sili-
con oxide or silicon nitride and used.

(Luminescent Color)

While the luminescent color is not to be considered par-
ticularly limited in the organic EL element according to the
present invention, white light emitting elements are preferred
because the elements can be used for various types of lighting
devices such as domestic lighting, in-car lighting, and back-
lights for watches and liquid crystals.

As a method for forming a white light emitting element,
multiple luminescent materials are used to simultaneously
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produce and mix multiple luminescent colors for obtaining a
white light emission, because it is currently difficult to pro-
duce a white light emission with a single material. While the
combination of multiple luminescent colors is not to be con-
sidered particularly limited, examples thereof include a com-
bination containing three emission maximum wavelengths
for blue, green, and red, and a combination containing two
emission maximum wavelengths, which uses a complemen-
tary relationship such as blue and yellow or as greenish yel-
low and orange. In addition, the luminescent color can be
controlled by adjusting the type and amount of the lumines-
cent materials.

<Display Element, Lighting Device, Display Device>

A display element according to the present invention is
characterized in that it includes the already described organic
EL element according to the present invention.

For example, a color display element is obtained by the use
of'the organic EL element according to the present invention
as elements corresponding to respective pixels for red, green,
and blue (RGB).

Types of image formation includes: a simple matrix type
for directly driving individual organic EL elements arranged
on a panel with electrodes arranged in a matrix form; and an
active matrix type for driving thin film transistors arranged for
each element. The former is used to display characters and the
like, because the number of vertical pixels is limited although
the structure is simple. The latter is used for high-definition
display, because bright high-definition images are obtained
with a small amount of current at a low driving voltage.

In addition, a lighting device according to the present
invention is characterized in that it includes the already
described organic EL element according to the present inven-
tion. Furthermore, a display device according to the present
invention is characterized in that it includes the lighting
device and a liquid crystal element as a display means. The
display device may be adisplay device, that is, a liquid crystal
display device which uses the lighting device according to the
present invention as a backlight (white light emitting light
source) and uses a liquid crystal element as a display means.
This configuration refers to a known liquid crystal display
device in which only a backlight is replaced with the lighting
device according to the present invention, and known tech-
niques can be diverted to the liquid crystal element section.

EXAMPLES

The present invention will be further specifically described
below with reference to examples, but is not to be considered
limited to the following examples.

(Synthesis of Ionic Compound 1)

The addition of 4.25 g of hydrobromic acid (48%) to 4.87
g (24.9 mmol) of N,N-Dicyclohexylmethylamine(I), fol-
lowed by shaking up, resulted in precipitation of a white
crystal. The crystal was left overnight, then with the addition
of acetone thereto, filtered, washed with acetone, dried to
obtain 5.9 g (reaction yield 86%) of white crystal. Checking
by proton NMR confirmed the disappearance of N,N-Dicy-
clohexylmethylamine (I) and the generation of N,N-Dicyclo-
hexylmethylammonium bomide (I). Then, 1.38 g (5.0 mmol)
of (II) mentioned above and 35.2 g (5.0 mmol) of sodium
tetrakis(pentaphenyl)borate (10% aq.) were mixed and stirred
to separate a white precipitate. The precipitate was left over-
night, then filtered, washed with water, and dried to obtain a
white solid (yield 4.0 g/reaction yield 90%).

Here is the reaction formula of the reaction mentioned
above.
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(Synthesis of Ionic Compound 2)

Acetone was mixed with 1.38 g (5.0 mmol) of N,N-dicy-
clohexylmethylammonium bomide (II) and 1.35 g (5.0
mmol) of sodium pentafluorobenzensulfonate, and stirred. A
white precipitate was separated, thus left overnight, and then
filtered, and the solvent of the filtrate was distilled away to
obtain a semisolid matter. The operation of separating a
poorly acetone-soluble matter with the addition of a small
amount of acetone to the semisolid matter was repeated three
times. This repetition removed a white solid (containing
NaBr as its main constituent) to provide a pale yellow oily
matter (which was left for crystallization) (yield 1.33 g/reac-
tion yield 60%).
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Here is the reaction formula of the reaction mentioned
above.

[Chemical Formula 13]
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(Synthesis of lonic Compound 3)

Acetone was mixed with 1.38 g (5.0 mmol) of N,N-dicy-
clohexylmethylammonium bomide (II) and 2.72 g (5.0
mmol) of Cesium tris(trifluoromethanesulfonyl )methide, and
stirred. A white precipitate was separated, thus left overnight,
and then filtered, and the solvent of the filtrate was distilled
away to obtain a semisolid matter. The operation of separating
a poorly acetone-soluble matter with the addition of a small
amount of acetone to the semisolid matter was repeated three
times. This repetition removed a white solid (containing CsBr
as its main constituent) to provide a pale yellow oily matter
(vield 2.43 g/reaction yield 80%).

Here is the reaction formula of the reaction mentioned
above.

SO;Na

[Chemical Formula 14]
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(Synthesis of lonic Compound 4)

The addition of 3.4 g of hydrobromic acid (48%) to 4.54 g
(20.0 mmol) of triamylamine (I), followed by shaking up,
provided two separated layers. The layers remained, even
after leaving the layers overnight, unchanged as oily matters.
Checking the upper-layer oily matter by proton NMR con-
firmed the disappearance of triamylamine (I) and the genera-
tion of Triamylammonium bomide (II). Then, 1.03 g (3.3
mmol) of (II) mentioned above and 23.5 g (3.3 mmol) of
sodium tetrakis(pentaphenyl)borate (10% aq.) were mixed
and stirred to separate a white precipitate. The precipitate was
left overnight, then filtered, washed with water, and dried to
obtain a white solid (yield 2.6 g/reaction yield 87%).
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(Synthesis of Ionic Compound 5) 23.1 g (3.3 mmol) of sodium tetrakis(pentaphenyl)borate
A small amount of acetone solution of 1.17 g (3.3 mmol) of (10% agq.) were mixed, and stirred at room temperature for 3
tris(2-ethylhexyl)amine (I) was mixed with 0.56 g of hydro- hours. The oily matter was extracted with ethyl acetate,
bromic acid (48%), and left for 1 hour, and the acetone was 5 washed with water, and dried, and the solvent was distilled
then removed under reduced pressure to obtain a slightly away under reduced pressure to obtain oily matter tinged with

colored oily matter (IT). Then, the (II) mentioned above and pale pink (yield 3.3 g/reaction yield 97%).
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(Synthesis of Ionic Compound 6)

F 7 F
F N F
F

and stirred at room temperature for 3 hours. A precipitate

A small amount of acetone solution 0 0.43 g (3.3 mmol) of produced was thus filtered under reduced pressure, washed
dibutylamine (I) was mixed with 0.56 g of hydrobromic acid 3 withwater, and dried to obtain a solid slightly tinged with pale
(48%), and left for 1 hour, and the acetone was then removed yellow. This solid was dissolved in toluene, washed with
under reduced pressure to obtain an almost white solid (II). water, and dried with anhydrous sodium sulfate, and the sol-
Then, the (II) mentioned above and 23.1 g (3.3 mmol) of vent was distilled away under reduced pressure to obtain a
sodium tetrakis(pentaphenyl)borate (10% aq.) were mixed, pale yellowish solid (yield 2.3 g/reaction yield 85%).

[Chemical Formula 17]

SN NN B

H
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(Synthesis of Ionic Compound 7)

To 0.50 g (3.3 mmol) of N-ethyl-N-methylbenzylamine (I)
mixed with 0.56 g of hydrobromic acid (48%), a small
amount of acetone was added to provide a homogeneous
solution and left overnight, and the acetone was then removed
under reduced pressure to obtain a pale yellow oily matter
(II). Then, the (II) mentioned above and 23.1 g (3.3 mmol) of
sodium tetrakis(pentaphenyl)borate (10% aq.) were mixed,
and stirred at 65° C. for 3 hours. A white precipitate produced
was thus filtered under reduced pressure, washed with water,
and dried to obtain an almost white solid. This solid was
dissolved in toluene, washed with water, and dried with anhy-
drous sodium sulfate, and the solvent was distilled away
under reduced pressure to obtain a pale yellowish solid (yield
2.3 g/reaction yield 85%).

[Chemical Formula 18]
CH,CHj3
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(Synthesis of Ionic Compound 8)

To 5.56 g (30 mmol) of N,N-dimethyl-n-decylamine (1), 75
g ofacetone and 15 g of pure water were added, and stirred to
provide a homogeneous solution, and 11 g of 10% hydrogen
chloride aqueous solution was then slowly delivered by drops
into the homogeneous solution, and stirred for 1 hour after the
completion of delivering by drops. From this solution, the
solvent was distilled away under reduced pressure to obtain a
white solid (II). Then, the (II) mentioned above and 232.5 g
(33 mmol) of sodium tetrakis(pentaphenyl)borate (10% aq.)
were mixed, and stirred for 1 hour. A white precipitate pro-
duced was thus washed with water five times, filtered under
reduced pressure, washed with water, and dried to obtain an
almost white solid. This solid was dissolved in methanol, and
reprecipitated in pure water, and the methanol was distilled
away under reduced pressure. The solid was filtered under
reduced pressure, and then dried under reduced pressure to
obtain a white solid (yield 21.3 g/reaction yield 82%).

[Chemical Formula 19]
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(Synthesis of Ionic Compound 9)

To 7.24 g (30 mmol) of N,N-dimethyl-n-tetradecylamine
(D), 75 g of acetone and 15 g of pure water were added, and
stirred to provide a homogeneous solution, and 11 g of 10%
hydrogen chloride aqueous solution was then slowly deliv-
ered by drops into the homogeneous solution, and stirred for
1 hour after the completion of delivering by drops. From this
solution, the solvent was distilled away under reduced pres-
sure to obtain a white solid (II). Then, the (II) mentioned
above and 232.5 g (33 mmol) of sodium tetrakis(pentaphe-
nyl)borate (10% aq.) were mixed, and stirred for 1 hour. A
white precipitate produced was thus washed with water five
times, filtered under reduced pressure, washed with water,
and dried to obtain an almost white solid. This solid was
dissolved in methanol, and reprecipitated in pure water, and
the methanol was distilled away under reduced pressure. The
solid was filtered under reduced pressure, and then dried
under reduced pressure to obtain a white solid (yield 24.3
g/reaction yield 88%).

[Chemical Formula 20]
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(Synthesis of Ionic Compound 10)

To 8.92 g (30 mmol) of N,N-dimethyl-n-octadecylamine
(D, 75 g of acetone and 15 g of pure water were added, and
stirred to provide a homogeneous solution, and 11 g of 10%
hydrogen chloride aqueous solution was then slowly deliv-
ered by drops into the homogeneous solution, and stirred for
1 hour after the completion of delivering by drops. From this
solution, the solvent was distilled away under reduced pres-
sure to obtain a white solid (II). Then, the (II) mentioned
above and 232.5 g (33 mmol) of sodium tetrakis(pentaphe-
nyl)borate (10% aq.) were mixed, and stirred for 1 hour. A
white precipitate produced was thus washed with water five
times, filtered under reduced pressure, washed with water,
and dried to obtain an almost white solid. This solid was
dissolved in methanol, and reprecipitated in pure water, and
the methanol was distilled away under reduced pressure. The
solid was filtered under reduced pressure, and then dried
under reduced pressure to obtain a white solid (yield 25.2
g/reaction yield 86%).

[Chemical Formula 21]

CisHsy
L HCI
—_—
me” e,
F
F F
AN
F ¢
F F F F
©
Na F B F
F F F F
F F
/
e
cl N F
CigHz7
@l F
/N\
H;C” | “CH;
H

10

15

20

25

35

40

45

50

55

60

65

34
-continued
F. F
®
F g
F F E F
T18H37
® Q
N, F B F
me” | Den,
H
F F F F
F. F
S
PN F
F

<Synthesis of Charge Transporting Compound>
[Preparation of Pd Catalyst]

In a glove box under a nitrogen atmosphere, under room
temperature, tris(dibenzylideneacetone)dipalladium (73.2
mg, 80 umol) was weighed in a sample tube, and with the
addition of anisole (15 ml) thereto, stirred for 30 minutes.
Likewise, tris(t-butyl)phosphine (129.6 mg, 640 pmol) was
weighed in a sample tube, and with the addition of anisole (5
ml) thereto, stirred for 5 minutes. These solutions were
mixed, and stirred at room temperature for 30 minutes to
provide a catalyst.
<Synthesis of Charge Transporting Polymer with Cross-
Linking Group>

In a three-necked round-bottom flask, the following mono-
mer 1 (4.0 mmol), the following monomer 2 (5.0 mmol), the
following monomer 3 (2.0 mmol), and anisole (20 ml) were
added, and further added thereto was the prepared Pd catalyst
solution (7.5 ml). After stirring for 30 minutes, a solution (20
ml) of 10% tetraethylammonium hydroxide was added. The
solvents were all subjected to degassing with nitrogen
bubbles for 30 minutes or more, and then used. This mixture
was refluxed by heating for 2 hours. These operations were all
carried out under a nitrogen stream.

After the completion of the reaction, the organic layer was
washed with water, and the organic layer was poured into
methanol-water (9:1). The produced precipitate was sub-
jected to suction filtration, and washed with methanol-water
(9:1). The obtained precipitate was dissolved in toluene, and
reprecipitated from methanol. The obtained precipitate was
subjected to suction filtration, dissolved in toluene, and
stirred overnight with the addition of triphenylphosphine,
polymer-bound on styrene-divinyl benzene copolymer (from
Strem Chemicals, Inc., 200 mg with respect to 100 mg of the
polymer). After the completion of stirring, the triphenylphos-
phine, polymer-bound on styrene-divinyl benzene copolymer
and the insoluble matter were removed by filtration, and the
filtrate was condensed in a rotary evaporator. The residue was
dissolved in toluene, and then reprecipitated from methanol-
acetone (8:3). The produced precipitate was subjected to suc-
tion filtration, and washed with methanol-acetone (8:3). The
obtained precipitate was vacuum-dried to obtain the polymer
1. The molecular weight was measured by GPC (polystyrene
equivalent) with the use of THF as an eluent. The obtained
polymer 1 was 7,800 in number average molecular weight,
and 31,000 in weight average molecular weight.
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[Chemical Formula 22]
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O,
NN O\SZ/
O
Br
Monomer 2
Cy4Ho
N
o /O/ \O\ 0
\/B B\/
(0] (¢]
Monomer 3
Br
N
Br Br
Example 1

Evaluation of Curability

The polymer 1 (5.0 mg) and the ionic compound 1 (0.15
mg) were dissolved in a chlorobenzene solution (1000 pl) to
prepare an ink composition. This ink composition was
applied onto a quartz plate by spin coating at 3000 rpm. Then,
on a hot plate, the composition was heated at 180° C. for 10
minutes to develop a polymerization reaction. After the heat-
ing, the quartz plate was immersed in toluene for 1 minute to
carry out washing. From the ratio between before and after
the washing in the absorbance (Abs) at the absorption maxi-
mum (Amax) in UV-vis spectra, the residual film ratio was
measured. The measurement result is shown in Table 1.

(Evaluation of Ink Stability)

Under a yellow lamp, the polymer 1 (5.0 mg) and the ionic
compound 1 (0.5 mg) were dissolved in an anisole solution
(500 wl) to prepare an ink composition. This ink composition
was stored at 25° C. for 5 days under a yellow lamp, and the
change in viscosity was evaluated with a vibration-type vis-
cometer, whereas the change in color was visually evaluated.
The evaluation result is shown in Table 1.

(Evaluation of Charge Transporting Performance)

For evaluating the charge transporting performance, an
evaluation element was prepared as follows.
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<Preparation of Charge Transporting Performance Evalua-
tion Element>

Onto a glass substrate of 1.6 mm in width, obtained by ITO
patterning, a mixed solution of the polymer 1 (100 mg), the
ionic compound 1 (3.0 mg), and anisole (1.91 mlL) were
applied by spin coating at 3000 min~", and heated at 180° C.
for 10 minutes on a hot plate to prepare a charge transporting
film (150 nm). Next, the obtained glass substrate was trans-
ferred into a vacuum deposition machine for vapor deposition
of aluminum (100 nm in film thickness).

After the vapor deposition of aluminum, the substrate was
transferred into a dry nitrogen atmosphere without being
opened to the atmosphere, and sealing was carried out by
attaching sealing glass of 0.7 mm alkali-free glass subjected
to spot facing at 0.4 mm and the ITO substrate to each other
with the use of a light curable epoxy resin, thereby preparing
a charge transporting performance evaluation element.

With the ITO of the charge transporting performance
evaluation element as a positive electrode and the aluminum
thereof as an anode, a voltage was applied. The applied volt-
age in the case of applying a current at 50 mA/cm? is shown
in Table 1.

Examples 2 to 10

Except that the ionic compound 1 in Example 1 was
changed to the ionic compounds 2 to 10, ink compositions
were prepared in the same way as in Example 1 to evaluate the
curability, ink stability, and charge transporting performance.
The evaluation results are shown in Table 1.

Comparative Example 1

Except that the ionic compound 1 in Example 1 was
changed to the following ionic compound, an ink composi-
tion was prepared in the same way as in Example 1 to evaluate
the curability, ink stability, and charge transporting perfor-
mance. The evaluation results are shown in Table 1.

[Chemical Formula 23]
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Comparative Example 2

Except that the ionic compound 1 in Example 1 was
changed to the following ionic compound, an ink composi-
tion was prepared in the same way as in Example 1 to evaluate
the curability, ink stability, and charge transporting perfor-
mance. The evaluation results are shown in Table 1.

38

From Table 1, it is determined that favorable results have
been achieved for all of the curability, ink stability and charge
transporting performance at the same time in Examples 1 to 7,
as compared with Comparative Example 1 to 3.

More specifically, curing the deposited layers can develop
sufficient resistance to solvents, thereby making it possible to
prepare a stacked structure of organic thin films. In addition,
it has been confirmed that the material achieves a good bal-
ance between curability and ink stability, with high stability

[Chemical Formula 241 10° 31 {he state of an ink composition.

Furthermore, the organic electronic material according to
the present invention, which allows hole current to flow eas-
ily, is considered to make a contribution to reduction in volt-

Q o 15 age for organic electronic elements.
Example 8
Organic EL Element Preparation 1
20 . . .
F Onto a glass substrate of 1.6 mm in width, obtained by ITO
E F patterning, an application solution obtained by mixing the
polymer 1 (10 mg) obtained above, the ionic compound 1 (0.3
mg), and chlorobenzene (1000 pul) was applied by spin coat-
K F F 25 ing at3000 min~!, and then cured by heating at 180° C. for 10
F F . R
minutes on a hot plate to form a hole injecting layer (30 nm).
. / \ B@ . Next, the obtained glass substrate was transferred into a
\ / vacuum deposition machine for vapor deposition of aNPD
. . (40 nm), (qNPD+Ir(piq)3 (5:1, 20 nm), BAlq (10 nm), Alqa
F F 30 (40 nm), LiF (0.5 nm in film thickness), and Al (100 nm in
film thickness) in this order.
After the formation of the electrode, the substrate was
F F transferred into a dry nitrogen atmosphere without being
F opened to the atmosphere, and sealing was carried out by
35 attaching sealing glass of 0.7 mm alkali-free glass subjected
to spot facing at 0.4 mm and the ITO substrate to each other
. with the use of a light curable epoxy resin, thereby preparing
Comparative Example 3 a high-molecular type organic EL. element of multi-layer
B hat the ioni d1inE e 1 structure. Subsequent experiments were made at room tem-
xcept .t at the fonic compound 1 1 Example 1 was ngt 40 perature (25° C.) in the atmosphere. When a voltage was
added, an ink composition was prepars edin th? samewayasil  applied with the ITO of the organic EL element as a positive
Example 1 to evaluate the curability, ink stability, and charge  ¢Jectrode and the Al thereof as a cathode, a red light emission
transporting performance. The evaluation results are shown was observed at 3.6 V, and the current efficiency at a lumi-
in Table 1. nance of 1000 cd/m? was 1.5 cd/A. Tt is to be noted that
TABLE 1
Electron
Curability Ink Stability Transporting
Residual Rate of Performance
Film Color Viscosity Applied
Tonic Compound Ratio (%) Change Change (%) Voltage (V)
Example 1 Tonic Compound 1 98.1 No <3 1.5
Example2  Ionic Compound 2 95.7 No <3 2.5
Example 3 Tonic Compound 3 97.2 No <3 2.8
Example4  Ionic Compound 4 99.4 No <3 1.3
Example 5 Tonic Compound 5 99.4 No <3 1.3
Example 6  Ionic Compound 6 99.1 No <3 1.5
Example 7 Ionic Compound 7 99.6 No <3 1.8
Example 8  Ionic Compound 8 99.4 No <3 1.4
Example 9  Ionic Compound 9 99.6 No <3 1.5
Example 10 Ionic Compound 10 99.6 No <3 1.5
Comparative Quaternary Ammonium 50.1 No <3 8.2
Example 1
Comparative TRB 99.4 Yes Gelation 2.7
Example 2
Comparative Absent 323 No <3 36

Example 3
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current-voltage characteristics were measured with microam-
meter 4140B from Hewlett-Packard Company, whereas the
luminance was measured with the use of a luminance meter
Pritchard 1980B from Photo Research, Inc.

Furthermore, as lifetime characteristics, the luminance was
measured with BM-7 from Topcon Corporation while apply-
ing a constant current, to measure the half-life of the lumi-
nance from the initial luminance (3000 cd/m?), which was
420 hours.

Comparative Example 4

Except that the ionic compound 1 was changed to the ionic
compound used in Comparative Example 1, an organic EL.
element was prepared in the same way as in Example 8. A red
light emission was observed at 6.2 V, and the current effi-
ciency at a luminance of 1000 cd/m? was 1.1 cd/A. Further-
more, as lifetime characteristics, the luminance was mea-
sured with BM-7 from Topcon Corporation while applying a
constant current, to measure the half-life of the luminance
from the initial luminance (3000 cd/m?), which was 6 hours.

From the comparison between Example 8 and Compara-
tive Example 4 described above, it is determined that the
organic electronic material according to the present invention
is also excellent in lifetime characteristics.

Example 9
Organic EL Element Preparation 2

Onto a glass substrate of 1.6 mm in width, obtained by ITO
patterning, an application solution obtained by mixing the
polymer 1 (10 mg) obtained above, the ionic compound 1 (0.3
mg), and toluene (1000 pl) was applied by spin coating at
3000 min~", and then cured by heating at 180° C. for 10
minutes on a hot plate to form a hole injecting layer (30 nm).

Next, the obtained glass substrate was transferred into a
vacuum deposition machine for vapor deposition of aNPD
(50 nm), CBP+Ir(ppy), (100:6, 30 nm), BAlq (10 nm), Alg,
(30 nm), LiF (0.8 nm in film thickness), and Al (150 nm in
film thickness) in this order.

After the formation of the electrode, the substrate was
transferred into a dry nitrogen atmosphere without being
opened to the atmosphere, and sealing was carried out by
attaching sealing glass of 0.7 mm alkali-free glass subjected
to spot facing at 0.4 mm and the ITO substrate to each other
with the use of a light curable epoxy resin, thereby preparing
a high-molecular type organic EL. element of multi-layer
structure. Subsequent experiments were made at room tem-
perature (25° C.) in the atmosphere. When a voltage was
applied with the ITO of the organic EL element as a positive
electrode and the Al thereof as a cathode, a green light emis-
sion was observed at 4.3 V, and the current efficiency at a
luminance of 1000 cd/m> was 23 c¢d/A. It is to be noted that
current-voltage characteristics were measured with microam-
meter 4140B from Hewlett-Packard Company, whereas the
luminance was measured with the use of a luminance meter
Pritchard 1980B from Photo Research, Inc.

Furthermore, as lifetime characteristics, the luminance was
measured with BM-7 from Topcon Corporation while apply-
ing a constant current, to measure the half-life of the lumi-
nance from the initial luminance (3000 cd/m?), which was
520 hours.

Comparative Example 5

Except that the hole injecting layer was changed to
PEDOT-PSS (Clevios P AI4083), an organic EL element was
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prepared in the same way as the foregoing (Organic EL Ele-
ment Preparation 2). When the evaluation experiment was
carried out in the same way as in Example 9, a green light
emission was observed at 4.3 V, and the current efficiency at
a luminance of 1000 cd/m? was 21 cd/A. Furthermore, as
lifetime characteristics, the luminance was measured with
BM-7 from Topcon Corporation while applying a constant
current, to measure the half-life of the luminance from the
initial luminance (3000 cd/m?), which was 50 hours.

From the comparison between Example 9 and Compara-
tive Example 5 described above, it is determined that the
organic electronic material according to the present invention
is also excellent in lifetime characteristics.

<Evaluation of Thermal Stability of Ionic Compound>

In a TG-DTA measurement system EXSTAR 6000 from
SII NanoTechnology Inc., the temperature of 2 mg of the
ionic compound 10 was increased at a rate of temperature
increase of 5° C./min while flowing nitrogen (400 ml/min),
and the decrease in weight was measured. As a comparison,
the following comparative ionic compound was subjected to
the measurement under the same conditions. Table 2 shows,
for each ionic compound, the temperature for the decrease in
weight by 0.5% and the temperature for the decrease in
weight by 5%.

[Chemical Formula 25]

I®< > <
F

F
F F
F
Be o F
\ /
F
F F

—-

F F
F
TABLE 2
Comparative
Tonic Tonic Temperature
Compound 10 Compound Difference
0.5% Decrease in Weight 235°C. 195° C. A40° C.
5% Decrease in Weight 276° C. 221°C. AS5° C.

From Table 2, it is determined that the ionic compound for
use in the organic electronic material according to the present
invention is excellent in heat resistance. The improvement in
thermal stability suppresses material deterioration by baking
and damage by volatiles to manufacturing devices, it is
expected that high-performance organic EL elements can be
manufactured at a high yield.
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REFERENCE SIGNS LIST

1 light emitting layer

2 anode

3 hole injecting layer

4 cathode

5 electron injecting layer

6 hole transporting layer

7 electron transporting layer
8 substrate

The invention claimed is:

1. An ink composition comprising an organic electronic
material and a solvent, the organic electronic material com-
prising at least an ionic compound represented by the follow-
ing general formula (1), and a charge transporting compound
including a charge transporting unit:

General Formula (1)
Rll

® €]
H—N—R? A ,

R

wherein in the general formula (1), A represents an anion,
and R” to R each independently represent a hydrogen
atom (H), an alkyl group, or a benzyl group, provided
that at least one condition selected from the group con-
sisting of

(1) at least two of R to R“ each independently represent an

alkyl group having 5 or more carbon atoms,

(ii) at least one of R“ to R“ represents a benzyl group, and

(iii) at least one of R to R represents an alkyl group having

7 or more carbon atoms,
is satisfied.

2. An organic electronic element including a layer formed
by applying the ink composition according to claim 1 on a
substrate.

3. The organic electronic element according to claim 2,
wherein the substrate is a resin film.
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4. The ink composition of claim 1, wherein the anion is
represented by any one formula selected from the group con-
sisting of the following formulas (1b), (2b), (3b), (4b), and
(5b):

(1b)

(2b)

(3b)

(4b)

(3b)

RS SR
R4 ,

wherein in the general formulas (1b) to (5b), Y* to Y° each
independently represent a divalent linking group; R* to R*®
each independently represent an electron attractive organic
substituent, these structures may further have substituents
and hetero atoms therein, and R? and R®, R* to R, R” to R'°,
or R'! to R'® may be each linked to form a ring or a polymer;
and E', E?, B, E*, and E” respectively represent an oxygen
atom, a nitrogen atom, a carbon atom, a boron atom or a
gallium atom, and a phosphorus atom or an antimony atom.

5. The ink composition of claim 1, wherein N is not bonded
to an aryl group with the exception of a benzyl group.

#* #* #* #* #*



